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Summary.-Transplantation of primary GRSL cells in the ascitic form led to a
decrease in membrane microviscosity as measured by the fluorescence polarization
technique. The transplanted GRSL ascitic cells showed a markedly lower ability to
form caps with respect to both virus-related (MLr, GIx) and normal (H-2.7(G),
H-2.8(K) and TL1.2) cell-surface antigens and their appropriate antisera in the
indirect membrane immunofluorescence tests, than did primary GRSL cells, trans-
planted GRSL cells growing in solid form, and thymocytes, which all exhibited
significantly higher membrane microviscosities. Transplantation of primary GRSL
cells into syngeneic mice pre-irradiated with 400 rad did not lead to a fall in mem-
brane microviscosity. It is suggested that the host immune response in intact mice
leads to aselective survival ofascitic tumour cells withlow membrane microviscosity.
THE fluid mosaic model of the plasma
membrane proposed by Singer and
Nicolson (1972) is compatible with the
translateral mobility of cell-surface recep-
tors. Among such processes, capping of
antigens by means of cross-linking anti-
bodies has received particular attention.
Capping is a complex phenomenon,
involving many factors such as the con-
centration of the multivalent ligand,
temperature, metabolic energy, cytoplas-
mic contractile elements and fluidity of
membrane lipids (Nicolson, 1976a, b). The
capping of surface antigens on GRS/A
(GR) mouse thymocytes and thymus-
derived leukaemia (GRSL) cells as a
function of specific ligand concentration
and temperature has been described
previously (Hilgers et al., 1975a). In the
present investigation, we observed a
relationship between capping ability and
microviscosity ofmembrane lipids ofthese
cells, as measured by the fluorescence
polarization technique using the fluoro-
phore1,6-diphenyl-1,3,5,-hexatriene(DPH)
as a probe. In this model, the decrease in
membrane microviscosity which occurs on
transplantation of primary leukaemia
(GRSL) cells in ascitic form leads not to an
increase, but to a decrease in lateral
mobility ofcell-surface antigens, both viral
and normal, under cross-linking condi-
tions. A possible reason for the drop in
membrane microviscosity occurring on
serial transplantation of primary GRSL
cells into intact GR mice came from
similar experiments carried out in ir-
radiated mice.
MATERIALS AND METHODS
Mice and cells.-The mice were from the
breeding colony of the Netherlands Cancer
Institute (for origin and genetic marker
patterns, see Staats (1976)). The GR strain
is a high-mammary-cancer strain, due to the
presence of the Mtv-2 locus (Hilgers and
Bentvelzen, 1978) but also a low-leukaemia
strain, with anincidence of'20% leukaemias
of thymic origin after one year of age. The
leukaemias are easily transplantable i.p. in
GR mice. They are called GRSLs, and each
new primary leukaemia is numbered. The
following leukaemias were used in this study:
GRSL2, 6, 6a (temporarily grown in vitro and
transplanted back in vivo), 13, 16t (subline
derived from the primary leukaemia cells of
the enlarged thymus), 16s (subline derivedJ. HILGERS ET AL.
from the enlarged spleen), 18 and 19. Thymo-
cytes were taken from young adult GR mice
by cutting the thymuses with curved scissors,
pipetting the clumps up and down a Pasteur
pipette, and sampling the single cells after
settling of the larger clumps in a Petri dish.
GRSL cells and thymocytes were immediately
placed on ice and washed x 2-3 wiith Earle's
balanced salt solution (EBSS) before use in
the membrane immunofluorescence (MIF)
test. Single-cell suspensions of GRSL sub-
cutaneous transplants were prepared in the
same way as thymocytes.
Fluorescence polarization.-A practical
method for monitoring rmicroviscosities of
membrane lipids is the recently developed
technique of fluorescence polarization, utiliz-
ing the fluorophore DPH from Koch-Light
laboratories Ltd (England), a lipophilic probe
embedded in the lipid core. By simultaneous
measurements of Iii and IU, where iL, and I,
are the fluorescence intensities of the emitted
fluorescent light parallel and perpendicular
to the plane of polarization of the excited
beam respectively, the fluorescence polariza-
tion (P) w-as determined, w%here
p_ III-I
III+ I1
High P values represent low lipid fluidity,
and low P values represent high lipid fluidity.
The accuracy of the P measurements is about
0 005. The degree of P of DPH-labelled cell
populations was determined at 25°C im-
mediately after labelling (Shinitzky and
Inbar, 1974; Inbar, Shinitzky, and Sachs,
1974) with the Elscint Microviscosimeter,
Model MV-I (Elscint Ltd., Haifa, Israel). The
degree of P of individual cells in a given cell
population was assayed with the Elscint
Single Cell Microviscosimeter (Inbar, 1976).
For a detailed description of these two tests,
as applied by our group, see Van Blitterswvijk
et al. (1977).
Antisera.-Rabbit anti-MTV serum was
prepared against density-purified B particles
(mammary-tumour virus) from mouse mam-
mary tumours, by 4 or more 1-3-monthly
injections in rabbits. Before injection, virions
were treated with ether for disruption and
emulsified in Freund's adjuvant. The anti-
serum was a gift from Dr Ph. C. Hageman of
this Institute, and has been described in
detail (Hilgers et al., 1975b). The cell-surface
antigen detected with the antiserum on
GRSL cells is called MLr. C57BL/6 strain
anti-C57BL/6. GIxm thymocytes Aas pre-
pared by 6 or more weekly i.p. injections of
thymocytes. The strain distribution of the
GIX antigen detectable with this antiserum
corresponds to that previously described
(Stockert, Old and Boyse, 1971). A.TL-
strain anti-A strain thymocytes was prepared
by 4 or more weekly i.p. injections of 106
thymocytes. This antiserum detects TL1.2.3.
GR strain thymocytes are TL2 (E. Stockert,
personal communication) but the GRSL cells
invariably express additional specificities,
TL1 and possibly TL4 (Shen, personal com-
munication). The antigen complex detectable
with the anti-TLI.2.3 on GRSL cells is there-
fore called TLI.2. (C57BL/10 A.SW')Fl
anti-BIO.M lymplhoid cells, detecting the
H-2.8(K) antigen, was obtained through the
courtesy of Dr J. Ray from the Transplanta-
tion Immunology Branch of NIH (Bethesda,
USA). The preparation is described by Dr
G. Snell in the Catalog of Mouse Alloantisera.
For information about the H-2 haplotype of
the GR mouse strain, see Zacharova et atl.
(1975). (C57BL/6 A)F1 anti-BIO.P lym-
phoid cells, detecting the H-2.7(G) antigen,
was obtained from Dr Ch. David (Washington
University School of Medicine, St Louis,
USA). The presence of the H-2.7 antigen has
been reported for the GR strain by David
et al. (in press).
Indirect menmbrane immmunofluorescence
(MIF) test. Single-cell suspensions ofthymo-
cytes, ascitic leukaemia cells and leukaemia
cells from s.c. transplants wrere washed x 2-3
with EBSS and kept on ice. 100 )ul aliquots
of 2 x 107 cells/ml wNere mixed with 100 Iu
of the appropriate antiserum dilution and
incubated for 1 h at 0°C. Cells were centri-
fuged and washed x 2 with EBSS, and 100 Iu
of the cell suspension was mixed with 100 pi
of the appropriate dilution of one of two
fluorescein isothiocyanate (FITC)-conjugated
antiglobulin sera (goat anti-rabbit immuno-
globulin, GAR/FITC, for the anti-MLr serumn
and swine anti-mouse immunoglobulin,
SWAM/FITC, for the other 4 sera). After a
second incubation for 1 h at 0°C, cells were
centrifuged and washed x 2-3 with EBSS. A
small drop of the cell suspension was placed
on a microscope slide and spread out with a
coverslip. To observe redistribution of the
cell-surface antigens, the slides were allowed
to reach room temperature for about 30 min.
This procedure leads to optimal capping
(Hilgers et al., 1975a). GAR/FITC and SWVAM/
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FITC were purchased from Nordic Labora-
tories (Tilburg, The Netherlands). Both con-
jugates reacted with gammaglobulins only,
and contained about 2-3 mg protein/ml of
specific lgG antibodies. The cells were exa-
mined with a Zeiss Fluorescence Microscope as
described by Hilgers et al. (1975a). Cells were
considered to show capping when antigen-
associated FITC conjugate was redistributed
into patches which occupied less than 50%0 of
the cell surface and were asymmetrically
distributed around the cell.
RESULTS
Membrane fluidity of primary and trans-
planted GRSL cells
The Table lists, in a condensed form, the
P values measured at 25°C for various
primary GRSLs and i.p. transplanted
ascitic cell lines derived therefrom. The
primary leukaemia cells and very early
transplant generations (<3) show signi-
ficantly higher P values than do the later
passages. This phenomenon is illustrated
in Fig. 1 for individual cells ofthe GRSLl6
cell line as compared with thymocytes.
Individual cells of a given population
exhibit marked differences in membrane
fluidity which are not caused by their
position in the cell-cycle (Tulp and Bont,
1975; Tulp et al., 1977). The P values are
symmetrically distributed and the down-
ward shift in P value of the GRSL cells
occurring on transplantation (from Pas-
sages 3 to 5) is not accompanied by the
emergence of distinct subpopulations.
Capping of surface antigens in relation to
membrane fluidity
Fig. 2 illustrates the capping of virus-
related (MLr, Glx) and alloantigens
(H-2.7(G), H-2.8(K) and TL1.2) as mea-
sured by the MIF test, in relation to P
values ofthe cells. The measurements were
performed on thymocytes, early- and late-
passage GRSL cells and GRSL cells
grown in solid form, s.c. or in the perito-
neum wall. In all cases an identical corre-
lation was found. Capping percentages of
50-10 lO were observed for P values
>0220 (demonstrated by thymocytes,
very early transplant generations ofGRSL
ascitic cells and GRSL cells grown in solid
form) whereas below that value (later
passages of i.p. transplanted GRSL cells)
the percentage of capped cells dropped
considerably, being lowest at P values of
0 200-0 210. A representative example of
extremely high capping of the viral-
related MLr antigen is shown in Fig. 3.
Membrane fluidity of GRSL cells grown in
immunologically crippled hosts
A possible reason for the drop in P value
occurring on transplantation of GRSL
cells in intact GR mice follows from the
results illustrated in Fig. 4, using the
GRSL18 line. It is shown that the P
TABLE. Degrees ofFlutorescence Polarization (P) at 25°C ofThymocytes, Primary
and i.p. Transplanted GRSL Cells
GRSL16t
0-261
0-252
0-229, 0-254
0-210
0-214
GRSL16s
0-266
0-266
0-190, 0-191
0-214, 0-228
0-202 + 0-016 (3)
0-214 4 0-013 (3)* 0-178 4
0-233 ± 0-019 (4)
GRSL13 0-204 ± 0-026 (10)
rGRSL2 0-208 0-020 (15)
g GRSL6 0-191 + 0-017 (7)
GRSL6a 0-209 - 0-022 (14)
Thymocytes 0-270 ± 0-010 (4)
K 0-020 (4)
GRSL18
0)265
0-266
0-190
0-234
0-224
0-223
0-226
0-222 ± 0-010 (4)
* Mlean values ± s.d. from (lifferent cell batches (numbers in parentheses).
Passage
0
1
2
3
4
5
6-7
8 -10
10-50
10-50
>50
GRSL19
0-248
0-203
0-210
0-219
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FLUORESCENCE POLARIZATION OF INDIVIDUAL CELLS
FIG. 1.-Fluorescence polarization (P) values
at 2500 for individual cells. Each symbol
represents the value of a single cell. P was
mneasured with the Elscint Single Cell
Microviscosimeter. For labelling, cells were
incubated with a 2 x 10-5m DPH dis-
persion in PBS at 370C for 15 min.
values of these cells remain essentially
unchanged for 9 successive transplanta-
tion generations after the spontaneous
origin, if transplanted into syngeneic mice
irradiated by 400 rad whole body ir-
radiation 24 h earlier. Such cells show
capping percentages for the various anti-
gens similar to those of primary GRSL
cells. Finally, the scheme in Fig. 5
summarizes the range in P values found
in normal thymocytes, primary GRSL
cells, their ascitic transplants in normal
and irradiated mice, and solid trans-
plants resulting from s.c. transplantation
or the occasional infiltration of ascitic
cells into the peritoneal wall. Transplanta-
tion of ascitic cells from irradiated hosts
into normal hosts is accompanied by a
fall in P value, but the reverse shows a
significant rise in only a few cases. Yet it is
shown that adaptation of P values to
environmental conditions of growth does
take place since GRSL ascitic cells
induced to grow in solid form show P
values corresponding to those of the
primary leukaemia cells. In this sense the
solid form of growth (as it also occurs in
primary leukaemias in thymus and spleen)
correlates with high P values.
DISCUSSION
The fluorescence polarization technique
using DPH is now frequently used as a
probe for measuring membrane lipid
fluidity in intact cells, isolated plasma
membranes, purified enveloped virus
(Barenholz, Moore and Wagner, 1976) and
lipid liposomes (Shinitzky and Inbar, 1974;
Van Blitterswijk et al., 1977; Barenholz
et al., 1976; Collard et al., 1977). The
degree of fluorescence polarization of
DPH is related to the microviscosity of
the lipid domain in which the probe is
embedded, by the Perrin equation, as
modified for rotational depolarization of a
non-spherical fluorophore (Shinitzky et al.,
1971). High P values represent low lipid
fluidity (i.e. high microviscosity) and vice
versa.
As regards the significance of P values
determined in intact cells, it was pre-
viously demonstrated for various cell
systems, including the present one, that
the method monitors lipids only. The
difference in P values between intact
thymocytes (P = 0270) and transplanted
(late-passage) GRSL ascitic cells (P_
0 208) was also exhibited by the corre-
sponding isolated plasma membranes
(P = 0-325 and 0 261, respectively) al-
though the absolute values were lower for
intact cells (Van Blitterswijk et al., 1977).
Similar results have been obtained on
resting and regenerating rat-liver cells
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FLUORESCENCE POLARIZATION
FIG. 2. Percentage of cells showing capping in the indirect mernbrane immunofluorescence (MIF)
test for variouis cell-surface antigens, as a function offluorescence polarization (P) at 25TC. Symbols:
0 and 0II: thymocytes; C and 0: early-passage (< 3) GRSL cells; 0: later passage GRSL cells;
s: solid tumour (transplanted s.c. or grown on the peritoneal wall).
(Collard et al., 1977). In these cell systems
the difference in P values between intact
cells and purified plasma membranes
appeared to be predominantly due to
probe signals stemming from the intra-
cellular membranes of intact cells, into
which DPH is apparently capable of
rapid penetration (Van Blitterswijk et al.,
1977). However, it follows that differences
in P values between whole cells of a
comparative system reflect differences in
cell-surface membrane fluidity.
The P value of a cell population, as
listed in the Table, represents a mean
value, while individual cells of that popu-
lation may show a rather wide variation
(Fig. 1). This may be the reason why a
relation is demonstrable between mean P
value and the percentage of capped cells
(Fig. 2) if only the more rigid cells in the
population are capable of capping. In
addition, variation in concentration of
antigen on the surface of individual cells
could be involved. Although antigenic
modulation in vivo leading to a release of
MLr antigen-antibody complexes from the
cell surface (Calafat et al., 1976) may be
instrumental in decreasing the viral anti-
genic content, this process cannot operate
in the case of the normal antigens. Our
results therefore suggest that, under the
present experimental conditions, capping
ofsurface antigens is favoured byincreased
membrane viscosity.
This correlation holds for thymocytes
and GRSL cells and for both virus-related
(MLr, GjX) and normal (TL, H-2) cell-
surface antigens. An analogous correla-
tion has recently been established by Ben-
Bassat et al. (1977), who showed that
coneanavalin A receptors on the surface of
normal human lymphocytes exhibit a
higher mobility than those on the more
fluid surfaces of human lymphoma and
leukaemia cells. However, it should be
pointed out that the mouse GRSL cells
used in the present study acquire a
decreased fluidity and a decreased capping
capacity only after one or few transplanta-
tions in the ascitic form. Primary and very
early ascitic transplant generations or
GRSL cells growing in solid form retain
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£Iii. b.-bapp1ng 01 MviLr anuigen on W*L cels as seen in the indirect membrane irmunofluorescence
(MIF) test.
the characteristics of their normal homo-
logues, the thymocytes.
The mechanism by which membrane
rigidity favours capping of surface pro-
teins remains to be established. An
attractivepossibilityisthe "squeezingout"
of the membrane matrix of protein or
protein-lipid complex, leading to a more
peripheral position (Shinitzky and Inbar,
1976; Borochov and Shinitzky, 1976).
However, the mechanism of capping is
complex and it cannot be excluded thatthe
observed correlation is an indirect rather
than a direct one.
Since separate GRSL cells show indiv-
idually different fluidities, a cell population
with a different mean fluidity may emerge
invivoifahostselection mechanism existed
that was somehow geared to a cell-surface
property related to membrane fluidity.
It is suggested from the results illustrated
in Fig. 4 that the host immune response
could be such a mechanism. Three recent
findings support the existence of an
immune response in GRSL-bearing GR
mice. First antigen-antibody complexes
are present in the ascitic fluid (Van
Blitterswijk et al., 1975). Second, humoral
immunity to mammary-tumour virus, as
measured by the sensitive radioimmuno-
precipitation test (Ihle, Arthur and Fine,
1976) develops within 4 days after trans-
plantation of GRSL cells into GR mice
(Arthur, Hilgers and Fine, unpublished).
Finally, augmented natural cytotoxicity
of spleen lymphocytes, as described by
334
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Herberman et al. (1977), occurs in CiR
mice with a peak around the fourth day
after transplantation of GRSL cells (Spits
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and Hilgers, unpublished). If the host
immune response causes the shift towards
a more fluid cell population on trans-
plantation, it apparently does so by elimi-
nating the more rigid cells. Immune
sensitivity and membrane rigidity might
be related through the squeezing out of
antigen in rigid lipid domains as mentioned
above, leading to a greater antigenic
expression or to an increased immuno-
logical reaction (Humphries and Mc-
Connell, 1975).
Finally, previous experiments have
shown that transplanted GRSL cells
exfoliate membranous vesicles of high
rigidity into the ascitic fluid in vivo (Van
Blitterswijk et al., 1977). This may con-
stitute another mechanism by which those
cells acquire a high membrane fluidity.
Although exfoliation of rigid membrane
domains could be a more general process,
its mediation by the immune response is
feasible and is being studied.
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